Objective: Dual bronchodilation with long-acting muscarinic antagonist and long-acting β2-agonist combinations are available worldwide in COPD pa-
Introduction
Combination treatment with a long-acting muscarinic antagonist (LAMA) and long-acting β2-agonist (LABA) increases forced expiratory volume in 1 s (FEV1) and reduces symptoms compared to monotherapy [1] . There are 3 combinations of a LAMA and LABA in a single inhaler available in Japan, including once-daily glycopyrronium/indacaterol (GLY/IND) and umeclidinium/vilanterol (UMEC/VI), dry powder inhalers, and tiotropium/olodaterol (TIO/OLO), a soft mist inhaler, in order of approval. There is a meta-analysis of dual bronchodilation with LAMA/LABA [2] ; however, the choice of agents remains under debate. In clinical practice, clinicians sometimes experience the improvement of symptoms and lung function after switching medications and devices. The recent GOLD documents recommend that inhaler technique and adherence should be assessed following the implementation of therapy and state that switching inhaler devices is an option for adjustments in pharmacological treatment [1] . However, to our knowledge, there has been no study assessing the effectiveness of switching medication and devices. Thus, we hypothesized that switching devices between dry powder and soft mist inhalers without a wash-out period to mimic clinical practice would improve clinical symptoms and lung function in COPD patients. The aim of this study was to examine the effects of switching between dry powder inhalers and a soft mist inhaler in a real-world setting.
Methods

Subjects
Outpatients with COPD at Shizuoka General Hospital, seen between February and December 2015, were enrolled in this study. All patients fulfilled the definition of GOLD, and the COPD grading was based on the GOLD classification [1] .
The inclusion criteria were as follows: 1) age over 40 years, and 2) receiving GLY/IND (50/110 µg/day) or UMEC/VI (62.5/25 µg/day). Exclusion criteria were as follows: patients who: 1) had asthma, or 2) had exacerbation of COPD in the 4 weeks preceding the study. Open Journal of Respiratory Diseases
Study Design
This was a prospective, single-arm, open-label, 8-week, observational study ( Figure 1 ). At the first visit, after 8 weeks of a run-in period, medications were switched to TIO/OLO (5/5 µg/day) without a washout period. The study doctors, nurses, or pharmacists checked the inhaler technique of each patient during the run-in period and after switching. 
Measurements
Assessment of symptoms
The mMRC score was used to evaluate dyspnea in daily living, grading from 0 (only get breathless with strenuous exercise) to 4 (too breathless to leave the house or breathless when dressing) [3] .
The CAT (Japanese version, supplied by GlaxoSmithKline, Japan) consists of eight items (cough, phlegm, chest tightness, breathlessness going up hills/stairs, activity limitations at home, confidence leaving home, sleep, and energy) that assess and quantify the symptoms and the impact of COPD [4] . Each item is scored from 0 to 5, giving a total score range from 0 to 40, corresponding to the best and worst health statuses, respectively. The minimal clinically important difference was 2 points.
FOT and spirometry Measurement of FOT and spirometry were performed in that order to avoid any influence of forced expiration. Broadband frequency FOT was performed using the MostGraph-01 (Chest M.I. Co. Ltd., Tokyo, Japan) in accordance with standard recommendations [5] . We used respiratory system resistance (Rrs) at 5 and 20 Hz (R5 and R20, respectively) and the difference between R5 and R20 (R5 -R20) as an indicator of the frequency dependence of Rrs. We also used and respiratory system reactance (Xrs) at 5 Hz (X5), which reflects the elastic and inertial properties of the lung, resonant frequency (Fres) where Xrs crosses zero and the elastic and inertial forces are opposite and equal in magnitude, and a low-frequency reactance area (AX), which is an integral of Xrs at 5 Hz to Fres. Oscillatory indices were expressed as mean values during a respiratory cycle. Furthermore, the difference between inspiratory and expiratory phases (∆) of X5 was also used as a marker of expiratory flow limitation [6] . All measured data were expressed as post-bronchodilator values.
Spirometry was performed using computerized equipment (model CHESTAC-8800; Chest M.I. Co. Ltd., Tokyo, Japan) in accordance with the American Thoracic Society (ATS)/European Respiratory Society (ERS) guidelines for spirometry [7] while patients were on daily medications. Measured data were expressed as post-bronchodilator values. Predicted values for pulmonary function tests were obtained from the Japanese Respiratory Society guidelines [8] .
Statistical Analyses
The quantitative data were summarized as means with standard deviations and paired t-tests were used to compare changes between weeks 0 and 8. The statistical significance for all analyses was set at p < 0.05 (two-tailed). All analyses were performed using EZR version 1.27 (Saitama Medical Center, Jichi Medical University, Saitama, Japan) [9] .
Results
The patient flow and the clinical characteristics of the subjects at baseline are shown in Figure 3 and Table 1 . The mean age of the subjects was 75 years and there was male-dominance. Most of the subjects were ex-smokers, while there were two never smokers. The mean pack-years was 52.9. Overall, the subjects had mild or moderate airflow limitation based on the GOLD classification. Two-thirds of the subjects had mild dyspnea (mMRC 0 and 1), while the mean CAT score was around 10. The mean FEV1 was 1.87 L (74.2% predicted). Of the 57 patients, 53 completed the first switching and were assessed. Two patients dropped out and the remaining two patients developed exacerbation. PGR, mMRC, and CAT improved in 20 (38%), 9 (17%), and 15 patients (28%), respectively. The mean R5, R20, and R5 -R20 significantly improved; however, there was no improvement in other parameters ( Table 2 ). In 21 patients who had Open Journal of Respiratory Diseases CAT score ≥ 10, PGR improved in 7 patients (33%) and the mean mMRC improved significantly (1.95 ± 0.86 to 1.67 ± 0.73, p = 0.010). However, there was no improvement in other parameters. Of the 53 patients, 17 consented to switch from TIO/OLO to UMEC/OLO or GLY/IND and 16 completed the second switching ( Figure 3) . One patient dropped out. Table 3 shows the clinical characteristics. PGR, mMRC, and CAT improved in 5 (31%), 3 (12%), and 4 patients (25%), respectively. The mean R20 significantly improved; however, there was no improvement in other parameters (Table 4 ).
Discussion
We prospectively assessed the effects of switching between dry powder inhalers and a soft mist inhaler in COPD patients in a real-world setting. The results revealed that the patient reported outcomes, including PGR, mMRC, and CAT, and objective FOT parameters improved after switching from dry powder to soft mist inhalers. Furthermore, similar improvement was observed after subsequent switching from soft mist to dry powder inhalers albeit in fewer patients. A previous meta-analysis of indirect comparison between fixed-dose LAMA/LABA combinations suggested that there might be a gradient of effectiveness between GLY/IND, UMEC/VI, and TIO/OLO in trough FEV1 but not in dyspnea index [2] . Subsequently, the direct head-to-head comparison of UMEC/VI and TIO/OLO for 8 weeks with an interim 3-week washout found that trough FEV1 was significantly higher in UMEC/VI treatment than in Open Journal of Respiratory Diseases TIO/OLO treatment [10] . The results of this study cannot be compared simply with the previous reports. However, we found that switching GLY/IND or UMEC/VI to TIO/OLO was useful in some patients since subjective improve-ment was confirmed. The improvement even after switching from TIO/OLO to GLY/IND or UMEC/VI suggests that this may be associated with devices used, characteristics, or changes in adherence.
There is a difference in the devices used between GLY/IND and UMEC/VI: the former uses Breezhaler and the latter Ellipta. Concerning the efficacy, the previous indirect meta-analysis reported that there was no difference in trough FEV1, dyspnea index, or quality of life between the two medications [2] .
The improvement in the FOT parameters but not in FEV1 highlights the difference between the FOT and spirometry. The FOT is a lung function test to detect airway narrowing during tidal breathing that does not require forced expiration, as in spirometry [6] . Since the changes in FOT parameters are generally greater than those observed in spirometry, the significant changes in the FOT parameters, but not in FEV1, were supposed to be obtained in this study. Basically, Rrs parameters, including R5, R20, and R5 -R20, are thought to reflect airway caliber [6] .
There are limitations in this study. GLY/IND and UMEC/VI were assessed together as dry powder inhalers although there are differences in the device and pharmacological characteristics between the two combinations. However, both combinations had been widely used before TIO/OLO combinations became available in Japan, thereby enabling the comparison between dry powder inhalers and a soft mist inhaler. When switching the devices, a wash-out period was not set to mimic clinical practice. This may lead to the usefulness of switching LAMA/LABA combinations when response to treatment is inappropriate.
There was also an improvement in symptoms and R20 after switching from TIO/OLO to UMEC/OLO or GLY/IND. From a theoretical point of view, symptoms as well as lung function parameters can be worse after switching back to the initial inhalers. One possible explanation might be a carrying over effect of TIO/OLO in addition to the improvement of adherence.
Conclusion
In conclusion, switching dual bronchodilators between dry powder and soft mist inhalers improves symptoms and airway narrowing in some COPD patients.
